T-Irradiated onions (0.2, 1, 2 and 5 kGy) were stored for 1, 3, 7 and 11 weeks. Cooked onion aroma concentrates were prepared by a simultaneous distillation and extraction (SDE) method and analyzed by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) at all stages of storage. A total of 27 compounds was identified. The similarities among the GC patterns obtained from all the onion samples were calculated using the ratios of 148 peak areas. The qualitative and quantitative characteristics of the cooked aroma constituents of 0.2 kGy-irradiated onions were very similar to those of non-irradiated onions. The similarities between non-and 0.2 or I kGy-irradiated onions were great during all stages of the 11 weeks storage. However, similarities between nonand 2 or 5 kGy-irradiated onions were low during storage. The radiation dose of 0.2 kGy for preventing sprouting does not change the cooked flavor characteristics. A dose of I kGy is the irradiation limit before the cooked onion flavor is affected.
We investigated the changes in the aroma characteristics of y-ray irradiated onions duri ng storage by gas chromatographic (GC) analysis of the head space vapor (HSV) with a thermal desorption cold trap (TCT) injection system (Kobayashi et al, 1994) . In the study, GC patterns obtained from the onions irradiated at a dose of 0.2 kGy for sprout prevention, were almost the same as those of non-irradiated onions during all stages of the 3 months storage. On the other hand, the fresh aroma patterns of the 5 kGy-irradiated onions were different from those of non-irradiated onions.
The present paper deals with the changes in cooked aroma characteristics of y-irradiated onions during storage. The onions were irradiated at doses of 0.2, I , 2 and 5 kGy, and the aroma constituents were assayed during 1 1 weeks storage, because changes in the flavor of fruits and vegetables occurred with irradiation at a dose of 2.25 kGy or higher (WHO, l 994) .
The GC analysis with a TCT injection system was a very useful procedure for fresh onion aroma investigation (Tokitomo & Kobayashi, 1992) . However, in this GC injection method of HSV, it was difficult to reproduce the GC data when the onion vapor with the internal standard sample was injected into GC column. In our previous paper (Kobayashi et al, 1 994) , the similarities of GC patterns were calculated using the peak area percentages.
In this study, the cooked aroma concentrates were obtained by the SDE method. The SDE method and the GC analyses of the aroma concentrates with an internal standard were simple to operate. The GC data indicated steady and repro- Storage periods lrradiated and non-irradiated onions were stored at room temperature ( 1 5-22'C) for l, 3, 7 and I l weeks.
Collection of cooked onion aroma-simultaneous distillation and extraction (SDE) method The onions were sliced with a food slicer, Toshiba CQM-60. The onion slices (200 g) were placed in a 2000 ml flask with distilled water (750 g) and 1-decanol, which was added as an internal standard, and then steam-distilled and extracted into 65 ml of dichloromethane for 2 h using a Likens-Nickerson apparatus. The distillate was dried over anhydrous sodium sulfate and filtered. The solvent was distilled off to obtain the cooked aroma concentrate.
GC and GC-MS The cooked aroma concentrates were analyzed in a Hitachi 263-30 gas chromatograph equipped with an FID. A 30 mX0.25 mm TC-WAX fused silica capillary column (GL Sciences, Inc., Tokyo) was used.
The oven temperature was held at 60'C for 4 min and then programmed to 1 80'C at 2'C/min. The injector and detector temperatures were 200'C. The nitrogen carrier gas fiow rate was 1.0 ml/min. A split ratio of 50 : I was used. GC-MS spectra were recorded with a JEOL JMS-DX300 mass spectrometer combined with a Hewlett Packard 5790A series gas chromatograph. A 60 mX0.25 mm DB-WAX fused silica capillary column (J&W) was used. Oven and injector temperatures were the same as those for GC analysis. The helium gas flow rate was I .O ml/min and a split ratio of 30 : I was used.
The ionization voltage was 70 eV.
ldentlfuation of compounds The individual peaks were characterized by matching the mass spectrum and GC retention data with those of previously reported data (Tokitomo, 1995a, b) or the authentic compounds. The GC retention times and Kovats indices were calculated by a Shimadzu Chromatopac C-R7A.
Results and Discussion
The yields of cooked aroma concentrates The yields of cooked arorna concentrates are shown in Table I . These -cS F~ data were averages of duplicate trials. All of the onions irradiated with 2 and 5 kGy doses spoiled 10 weeks and 6 weeks after being irradiated, respectively.
The yields of the 0.2 kGy-irradiated onions were similar to those of the non-irradiated onions. Those of the I and 2 kGy-irradiated onions were varied during storage. The yields from the 5 kGy-irradiated onions were the lowest. The 5 kGy-irradiated onions possessed a fruity and grassy odor and lacked a stimulating fresh onion-like flavor. These results suggested that a I or 2 kGy dose was the limit for maintaining the normal formation of onion flavor during storage.
Cooked aroma components of irradiated onions Figure I shows the gas chromatograms of the cooked aroma concentrates from onions stored for 3 weeks. At this stage, except for 5 kGy, the yields of aroma concentrates from different irradiated onions were almost the same. A total of 27 compounds was identified as shown in Table 2 . The contents of the aroma constituents varied with radiation doses and storage periods. The qualitative and quantitative characteristics of cooked aroma constituents of 0.2 kGy-irradiated onions were very similar to those of non-irradiated onions during storage. However, the contents of dipropyl disulfide (peak 39) and dipropyl trisulfide (peak 66) of the 0.2 kGy-irradiated onions were lower than those of non-irradiated onions I week after irradiation. These contents increased after 3 weeks at levels similar to those of the latter.
The I kGy-irradiated onions indicated higher contents of dipropyl disulfide and dipropyl trisulfide during all stages of the I I weeks storage. The 2 kGy-irradiated onions showed a higher content of dipropyl disulfide during storage and a higher content of dipropyl trisulfide I week after irradiation.
However, these sulfide contents of the 5 kGy-irradiated onions were lower than those of the I and 2 kGy-irradiated onions during 3 weeks storage.
Y. TOKITOMO & A. KOBAYASHl Dipropyl disulfide and dipropyl trisulfide were the main odor components in cooked onion slices (Tokitomo, 1995a) . However, these sulfides were scarcely found in cooked whole onion whose CS-lyase was deactivated by cooking an intact onion bulb. Therefore, these sulfides should be formed by a CS-lyase catalyzed reaction.
On the other hand, Kawakishi et al (1971) reported that CS-lyase activities of onions decreased at doses of 0.07 and O. 1 5 kGy immediately after irradiation, and the activities increased with storage. On the contrary, the activities of onions increased at doses of 0.5 and 3.2 kGy after irradiation and decreased during storage. In our unpublished experimental results, the CS-lyase activity of the 5 kGy-irradiated onion apparently decreased after 3 weeks storage.
According to the changes in the contents of dipropyl disulfide and dipropyl trisulfide caused by irradiation and successive storage, the formation of these sulfide compounds would be influenced by the change in CS-lyase activity. These results suggest that CS-lyase activity decreases with a lower dose (0.2 kGy) and recovers during storage and that it is inactivated by a higher dose (5 kGy). CS-lyase activity may be estimated by the contents of dipropyl disulfide and dipropyl trisulfide in cooked onion fiavor. Further studies on CS-lyase activities of 0.2, I and 2 kGy-irradiated onions and the formation of the fiavor compounds are in progress.
The contents of disulfides and trisulfides containing propenyl group (peak 30, 32, 40, 42, 78 and 8 1 ) were lowered in the 2 and 5 kGy-irradiated onions. However, characteristic changes in propenyl compounds with irradiation and storage were not recognized. These sulfur compounds were found in cooked whole onion (Tokitomo, 1995a) . According to our investigations of cooked and irradiated onion flavors, the foamation of propenyl-containing volatile compounds seemed to be due to another mechanism in addition to enzyme-catalyzed reactions. Onions irradiated at excess doses of 2 and 5 kGy showed lower contents of 2-methyl-2-pentenal (peak 2 l). This is consistent with the result of HSV analysis of fresh onions irradiated at a dose of 5 kGy in our previous report (Kobayashi et al, 1994) . The compound is formed by aldol condensation and dehydration of two molecules of propanal (Boelens et al, 197 1 ) . Propanal is formed by rearrangement of the unstable lachrymatory factor thiopropanal-S-oxide. The low content of 2-methyl-2-pentenal shows that the formation of thiopropanal-S-oxide from the flavor precusor is inhibited.
Moreover, the odor of aroma concentrates of the 5 kGy-irradiated onions lacked a stimulating onion-like odor, because the contents of sulfide compounds were very low as shown in Table 2 . Many unknown peaks existed in this gas chromatogram. As mentioned above, an excess dose of 5 kGy causes CS-lyase inactivation and changes in other metabolic mechanisms.
Peak 1 3 1 was tentatively identified as 2-n-octyl-5-methyl-2,3-dihydrofuran-3-0ne by matching the mass spectrum data with that of 2-n-hexyl-5-methyl-2,3-dihydrofuran-3-0ne as previously reported (Boelens et al, 197 The peak area of 2-n-octyl-5-methyl-2,3-dihydrofuran-3-0ne in 5 kGy-irradiated onions showed the highest value among ot.her onion samples. Fatty acid metabolic pathways seemed to be infiuenced by an excess dose.
The similarities among GC patterns The similarities among GC patterns (Aishima, 1992; Kobayashi et al, 1994) obtained from onion samples were calculated using the ratios of 148 peak areas as shown in Table 3 . The ratio ofeach peak area was expressed as the ratio to the area of 1-decanol, which was used as the internal standard. Slmilarities between nonand 0.2 or I kGy-irradiated onions were high during all stages of the 1 1 weeks storage. One week after irradiation, similarities between non-and 2 or 5 kGy-irradiated onions were low.
These values were further lowered during storage, These results indicate that 0.2 kGy irradiation for preventing sprouting does not change the fiavor characterization. A dose of I kGy is the irradiation limit before the cooked onion flavor is affected.
